In this work, we tentatively assign the charmed mesons DJ (2580) 
spectra, respectively [1] . The revelent parameters are presented in Table I . 2608.7 ± 2.4 ± 2.5 93 ± 6 ± 13 [2] . The BaBar collaboration also analyzed the helicity distributions to determine the spin-parity, and tentatively identified the (D(2550),D(2600)) as the 2S doublet (0 − , 1 − ), the D(2750) and D(2760) as the D-wave states. The revelent parameters are presented in Table II, where we also present the possible correspondences among the particles observed by the LHCb and BaBar collaborations. People have also studied the decay behaviors of these charmed mesons using the heavy meson effective theory [3] , constituent quark model [4] and the EHQ's formula [5] .
The heavy meson effective theory is a powerful tool for the analysis of the properties of hadrons with a single heavy quark. With this method, P.Colangeloa et al. proposed a classification of many observed cq and bq mesons in doublets [6] . In Ref. [7] Z.G.Wang studied the strong decays of the charmed mesons D J (2580), D to study the strong decays of the mesons, which is also known as the 3 P 0 decay model. The 3 P 0 decay model was originally introducedby Micu [8] and further developed by Le Yaouanc et al. [9] .
This decay model has been widely used to evaluate the strong decays of hadrons [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , since it gives a good description of many of the observed decay amplitudes and partial widths of the hadrons.
Recently, Yuan Sun et al. [21] studied the strong decays of the D J (3000) and D * J (3000) with the 3 P 0 decay model, and identified D J (3000) as the 2P (1 + ) state, the D
In the heavy quark limit, the meson system composed of heavy and light mesons Qq can be classified in doublets according to the total angular momentum of the light antiquark s l , s l = s q + L, where the s q and L are the spin and orbital angular momentum of the light antiquark respectively [22] . In the case of the radial quantum number n = 1, the doublet (P ,P * ) have the spin-parity J
for L = 0; the two doublets (P * 0 , P 1 ) and (P 1 , P * 2 ) have the spin-parity J
respectively for L = 1; the two doublets (P * 1 , P 2 ) and (P 2 , P *
3 ) have the spin-parity
respectively for L = 2; the two doublets (P * 2 , P 3 ) and (P 3 , P * 4 ) have the spin-parity J
respectively for L = 3, where the superscript P denotes the parity.
The n = 2, 3, 4, states are clarified by analogous doublets, for example, n = 2, the doublet (P ′ , P * ′ )
have the spin-parity J In the following, we list out the possible assignments,
The article is arranged as follows: In section 2, the brief review of the 3 P 0 decay model is given (For the detailed review see Refs. [9, 11, 12, 14] ); in Sect.3, we study the strong decays of the charmed
J (3000) observed by the LHCb collaboration with the 3 P 0 decay model; in Sect.4, we present our conclusions. The main assumption of the 3 P 0 decay model is that strong decays take place via the creation of a 3 P 0 quark-antiquark pair from the vacuum. The new produced quark-antiquark pair, together with thewithin the initial meson, regroups into two outgoing mesons in all possible quark rearrangement ways, which corresponds to the two decay diagrams as shown in Fig.1 for the meson decay process
METHOD

The decay model
The transition operator T of the decay A→BC in the 3 P 0 model is given by
where γ is a dimensionless parameter representing the probability of the quark-antiquark pair q 3 q 4
with J P C = 0 ++ creation from the vacuum, p 3 and p 4 are the momenta of the created quark q 3 and antiquark q 4 , respectively. φ For the meson wave function, we adopt the mock meson
where m 1 and m 2 are the masses of the quark q 1 with a momentum of p 1 and the antiquark q 2 with a momentum of p 2 , respectively. n A is the radial quantum number of the meson A composed
, L A is the relative orbital angular momentum between q 1 and q 2 . The S-matrix of the process A → BC is defined by
whereM MJ A MJ B MJ C is the helicity amplitude of A → BC. In the center of mass frame of meson A, The two terms in the last factor correspond to the two possible diagrams in Figs.1(a) and 1(b) , respectively, and the spatial integral is defined as
(.14)
where P = P B = − P C , p = p 3 , m 3 is the mass of the created quark q 3 , the simple harmonic oscillator (SHO) approximation is used for the meson space wave functions. In momentum-space, the SHO wave function is
is an associated Laguerre polynomial. The overlaps of the flavor and spin wave functions of the mesons and the created pair in the formula(13) can be calculated according to Ref [14] .
With the Jacob-Wick formula the helicity amplitude can be converted into the partial wave ampli-
The decay width in terms of partial wave amplitudes using the relativistic phase space is:
Here
, M A , M B , and M C are the masses of the meson A, B, and C, respectively.
Mixed states
Heavy-light mesons are not charge conjugation eigenstates and so mixing can occur among states with the same J P that are forbidden for neutral states. These occur between states with J = L and S = 1 or 0. A general relation between heavy quark symmetric states and non-relativistic states
When J = L = 1, the corresponding mixture angle is θ = −54.7
• or θ = 35.3
• , thus formula (18) transforms into (18) . In order to distinguish the orbital angular momentum from the partial wave angular momentum,L, in the formula(16), we choose l as the orbital angular momentum of the D mesons in the following three formulas (20) (21) (22) . If the initial states A(l P ) are the mixings, the partial wave amplitude can be deduced as
in the cases of the mixings of the final states B(l
When the initial and the final states(A and B) are both the mixings, we can get the similar relation
Where θ and θ ′ are the mixtures of the initial and final states, respectively. Thus the decay width can also be deduced from the general relations of (20) (21) (22) . For example, in the cases of the mixings of the initial states of 1 + , and the decay width can be expressed as
Numerical Results
TABLE IV: The adopted masses of the mesons used in our calculation.
States The parameters involved in the 3 P 0 model include the light quark pair(qq) creation strength γ, the SHO wave function scale parameter R, and the masses of the mesons and the constituent quarks.
According to Ref. [14] , we adopt the SHO wave function with common R whose value is chosen to be 2.5GeV −1 . Correspondingly, the γ value is chosen to be 6.25 for the creation of u/d quark [14] . As for the strange quark pair(ss), its creation strength can be related by γ ss = γ/ √ 3 [10] . The adopted As discussed above, D * J (3000) is a natual parity state. Thus, we study its decay behavior with the 1F [30, 31] , ARGUS [32] , and ZEUS [33] collaborations. And the results based on the heavy meson effective theory in the leading order approximation is also listed in TABLE VIII [7] . The present prediction 2.29 based on the 3 P 0 model is in excellent agreement with the average experimental value 2.35 [7] . Furthermore, this results are consistent well with the prediction based on the heavy meson effective theory.
Finally, it needs to be noticed that the ratios of the decay width of different charmed mesons based on 3 P 0 model are roughly consistent with the experimental data. For example, the ratio
≈ 0.83 based on 3 P 0 model, and the experimental data is 
Conclusion
In this article, we carry out the study of the properties of the newly observed charmed mesons
indicates that 1F 
